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There is an increasing interest in the concept that oxi¬ 
dant/antioxidant imbalance plays a role In the patho¬ 
genesis of chronic obstructive pulmonary disease 
(COPD). However, most of the studies are concentrated 
on the local antioxidant/oxidant balance. In this study, 
we investigated the oxidant/antioxidant balance in 
systemic circulation of patients with COPD. Serum 
malonyldiaidehyde (MDA), vitamin C and erythrocyte 
reduced glutathione (GSH) were determined in pa¬ 
tients during acute exacerbation and during the stable 
phase of the disease, and compared with age- and sex- 
matched healthy controls. The levels of serum MDA, vi¬ 
tamin C and erythrocyte GSH were determined accord¬ 
ing to Yagi, Beutler and Bauer ef a/., respectively. 
Serum MDA levels were significantly higher in patients 
compared to controls, and during acute exacerbation 
compared to the stable phase. MDA levels in patients 
with acute exacerbation and in those in stable phase 
were also higher than in controls. We found signifi¬ 
cantly decreased levels of erythrocyte GSH and serum 
vitamin C in patients with acute exacerbation and sta¬ 
ble COPD compared to controls. Although smoking 
caused an increa se in oxidative st ress in controls, the 
measured parameters were not affected by smoking in 
the patient group . In conclusion, there is a systemic ox¬ 
idant/antioxidant imbalance in COPD, and this imbal¬ 
ance is probably independent of smoking. Clin Chem 
Lab Med 2002; 40( 10):1028-1031 
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Abbrevations: COPD, chronic obstructive pulmonary 
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capacity; GSH, reduced glutathione; MDA, malonyl- 
dialdehyde. 


Introduction 

Chronic obstructive pulmonary disease (COPD) is one of 
the most common causes of admissions to emergency 
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room with exacerbation of the disease (1). An increasing 
amount of research has concentrated on the proposal 
that an oxidant/antioxidant imbalance occurs in patients 
with COPD and that it is a part of the pathogenesis of this 
condition. The reason for this is obvious since cigarette 
smoke, which is one of the etiological factors for COPD, 
has been estimated to contain between 10’ 6 and 10 17 ox¬ 
idant molecules per puff. Markers of oxidative stress 
have been demonstrated in the epithelial lining fluid, 
breath and urine of patients with COPD (2-5). Oxidants 
inhaled from smoking, nitric oxide or oxidants released 
from alveolar leukocytes contribute to the increased ox¬ 
idant burden in COPD (3-5). Fortunately, the lungs have 
an extensive, potent antioxidant defense system, pre¬ 
sent both extra- and intracellularly, which protects lung 
ceils from oxidant damage (6). There has been a consid¬ 
erable interest in the systemic effects of COPD. Rahman 
etal. demonstrated an increased production of superox¬ 
ide (0 2 "-> by peripheral blood neutrophils in patients 
during acute exacerbation of COPD but not in the stable 
form of disease (1). Diminished total antioxidant capac¬ 
ity was also determined in the study < 1). However, the ef¬ 
fect of Oj - and possibly other oxidants on individual an¬ 
tioxidants has not been clearly defined. 

The aim of this study was to test the systemic oxi¬ 
dant/antioxidant balance in the acute exacerbation or 
stable form of COPD, and to test the effect of smoking 
on systemic oxidant/antioxidant balance both in pa¬ 
tients and in the controls. 


Materials and Methods 

The study population consisted of 62 patients with COPD, di¬ 
agnosed according to the British Thoracic Society guidelines 
(7) (21 with acute exacerbation and 41 stabrei, and 30 age- and 
sex-matched healthy control subjects. Demographic charac- 
teristicsand data on lung function of the patients and controls 
are shown in Table 1. Patients with COPD were classified ac¬ 
cording to the British Thoracic Society guidelines (7); 

a) evidence of airways obstruction, forced expiratory flow in 
1 second (FEV1I <80% of predicted value, and FEVI/forced 
vital capacity (FVC) ratio <70%; 

b) no impairment in FEVt of more than 15% after inhalation on 
of 200 tig salbutamol; 

c) history of chronic progressive symptoms such as wet 
cough, wheeze and breathlessness. 

Exclusion criteria were: a) history or evidence of atopy on skin 
prick tests for common inhaled allergens, b) history of asthma 
or inhaled glucocorticoids or antibiotics usage during 3 months 
before the study. 

Subjects who were smoking at the time of study were con¬ 
sidered current smokers, whereas subjects with a non-smok- 
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Table 1 Clinical characteristics of the studied individuals. 



All COPD 
(n=62) 

Acute exacerbation 
(n=21) 

Stable COPD 
!n=41) 

Controls 

(n=30) 

Sex (M/F) 

31/31 

11/10 

20/21 

15/15 

Age (years) 

60.02 ±9.90 

61.76 ±9.51 

58.21 ±10.17 

62.56*10.24 

Smokers (+/-) 

29/33 

10/11 

19/22 

15/15 

FEV1 (% pred) 

59.24±19.5 

53.04± 15.76 

65.71 ±20.32 

97.81 ±13.45 

FEV1/FVC (% pred) 

59.90± 14.24 

57.24 ±16.21 

62.67 ±11.55 

79.67±8.35 


Results are expressed as means ± SD. n: number of samples. FEV1: forced expiratory in 1 s, 
FVC: forced vital capacity. % pred: % predicted. 


mg history of 1 year before the study were considered non- 
smokers. In the entire study population, serum malonyl- 
dialdehyde (MDA) (nmoi/1), reduced glutathione (GSH) 
(pmot/g Hb) and vitamin C (mg/dl) levels were measured in ve¬ 
nous blood specimens. 

Lipid peroxides assay 

The levels of serum lipid peroxidation products such as thio- 
barbituric acid (TBAj-MDA adducts were measured spee- 
trophotometrically by the method described by Yagi (8). The 
final results were expressed as nmol of MDA formed per ml of 
plasma. 

Vitamin C 

The determination of serum vitamin C depends on the fact 
that it reduces the dye, 2,6 dichlorophenoi-indophenol into a 
colorless compound (9). 

Erythrocyte reduced glutathione 

Virtually all of the nonprotein sulfhydryl compounds in red 
cells are in the form of GSH. 5,5'-Dithiobis-(2-nitrobenzoIe 
acid) (DTNB) is a disulfide compound that is readily reduced 
by sulfhydryl compounds, forming a highly colored yellow an¬ 
ion. It Is measured at 412 nm (10). 

Statistical analysis 

Results were expressed in terms of arithmetic means (X) ± 
standard deviation (SD). The differences between the two 
groups were evaluated by Student's f test (11) and correla¬ 
tions between variables were assessed using Pearson's corre¬ 
lation coefficients. A p value <0.05 was considered statist! 
cally significant. 


Results 

The results were evaluated by comparing patient and 
control values (Table 2), values in the acute exacerba¬ 
tion and stable form of disease (Table 3), smokers and 
non-smokers among patients in acute exacerbation 
(Table 4) and in the stable phase of COPD (Table 5), and 
the effect of smoking status in controls (Table 6). Levels 
of erythrocyte GSH and serum vitamin C were signifi¬ 
cantly decreased in patients compared to controls. De¬ 
creased levels of these two antioxidants were accom¬ 
panied by an increase in MDA levels. These decreased 
antioxidant levels were paralleled by the increase in 
MDA levels (Table 2). 


Similarly, GSH and vitamin C levels were lower dur¬ 
ing acute exacerbation of COPD, while MDA levels 
were higher when compared to the stable phase 
(Table 3). In order to determine whether smoking af¬ 
fects the levels of antioxidants during acute exacer¬ 
bation of the disease, we Investigated the smoking sta- 


Table 2 GSH, vitamin C and MDA concentrations in patients 
with COPD and in healthy controls. 



n 

GSH 

(p mol/g Hb) 

Vitamin C 
(mg/dl) 

MDA 

(nmol/ml) 

Controls 

30 

4.75 ±0.64 

1.69 ±0.34 

0.87±0.13 

COPD 

62 

3.02 ±0.45 

1.13*0.26 

1.86 ±0.29 

p 


<0.001 

<0.01 

<0.001 


Results are expressed in terms of arithmetic means (X) * SD. 
nr number of samples, p: significance of differences between 
groups. 


Table 3 GSH, vitamin C and MDA concentrations in patients 
in acute exacerbation and stable phase of COPD. 



n 

GSH 

Vitamin C 

MDA 



(gmol/g Hb) 

(mg/dl) 

(nmol/ml) 

Acute 

21 

2.55±0.89 

0.98*0.29 

2.52*0.42 

exacerbation 




Stable 

41 

3.49*1.06 

1.28*0.24 

1.16*0.15 

P 


<0.001 

<0.001 

<0.001 

Results are expressed in terms of arithmetic means (X) ± SD. 
n: number of samples, p: significance of differences between 

groups. 





Table 4 

GSH, vitamin C and MDA concentrations in smokers 

and non-smokers during acute exacerbation of COPD. 


n 

GSH 

Vitamin C 

MDA 



(pmol/g Hb) 

(mg/dl) 

(nmol/ml) 

Smokers 

10 

2.79*0.60 

0.97*0.20 

2.45*0.40 

Non- 

smokers 

n 

2.6*0.50 

0.94*0.30 

2.62*0.40 

P 


>0.05 

>0.05 

>0.05 


Results are expressed in terms of arithmetic means (X) * SD. 
n: number of samples, p: significance of differences between 
groups. 
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tus of patients admitted with acute exacerbation. As 
shown in Table 4, smoking had no effect on GSH, vita¬ 
min C and MDA levels in patients with acute exacerba¬ 
tion of COPD. 

The same parameters were afso similar in smokers 
and non-smokers with stable COPD {Table 5). The lev¬ 
els of erythrocyte GSH and vitamin C were lower in 
control smokers in comparison to control non-smok¬ 
ers. MDA values were higher in control smokers than in 
control non-smokers (Table 6). There was a weak nega¬ 
tive correlation {r = -0.36, p<0.01| between serum MDA 
levels and FEV1 {% predicted) in patients with COPD. A 


Table 5 GSH, vitamin C and MDA concentrations in smokers 
and non-smokers with stable COPD. 



n 

GSH 

Vitamin C 

MDA 



IfjmoJ/g Hb) 

Imam 

{nmol/ml) 

Smoker'S 

19 

3.11*0.71 

1.28±0.26 

1.16*0.16 

Non- 

smokers 

22 

3.91 ±1.29 

1.27 ±0.20 

1.15*0.15 

P 


>0.05 

>0.05 

>0.05 

Results are expressed in terms of arithmetic means {X) ± SD. 
nr number of samples, p: significance of differences between 

groups. 





Table 6 

GSH, vitamin C and MDA concentrations in smokers 

and non-smokers in the control group. 



n 

GSH 

Vitamin C 

MDA 



(pmol/g Hb) 

(mg/dl) 

(nmol A/ml! 

Smokers 

15 

3.54*0.58 

1.36±0.27 

1.01 ±0.11 

Non- 

smokers 

15 

5-94 ± 0-75 

1.99±0.41 

0.71 ±0.13 

p 


<0.001 

<0.001 

<0.001 


Hesults am expressed in terms of arithmetic means (X) ± SD. 
n: number of samples, p: significance of differences between 
groups. 
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Figure 1 The relationship between serum MDA and vitamin 
C and GSH in patients with COPD. rl: correlation coefficient 
for MDA and vitamin C, p<0.01, r2: correlation coefficient for 
MDA and GSH, p<0.01. • Vitamin C, X GSH. 


weak negative correlation was observed between 
serum MDA and erythrocyte reduced GSH levels in pa¬ 
tients with COPD (r=-0.33, p<0.01). In addition, a neg¬ 
ative correlation was found between serum MDA and 
vitamin C levels in the patients (r = -0.38, p<0.01> {Fig¬ 
ure 1). 


Discussion 

Oxidant/antioxidant imbalance is the major focus in re¬ 
cent studies of smoking and COPD. We investigated ox¬ 
idant/antioxidant balance in different stages of the dis¬ 
ease and the effect of smoking on this balance. An 
oxidant/antioxidant imbalance favoring oxidants can 
lead to lung injury due to direct, unprotected oxidative 
damage to airspace epithelial cells. Many investigators 
have observed increased levels of oxidants and de¬ 
creased levels of antioxidants in patients with COPD 
(1-6,12,13). MacNee era/, showed that plasma levels 
of lipid peroxidation products, measured as MDA de¬ 
rivatives, were higher in patients with COPD, and were 
highest in patients presenting with exacerbation of 
COPD. Furthermore, lipid peroxidation products were 
higher in healthy smokers than in non-smokers. In ad¬ 
dition, it has been suggested that there is a negative 
correlation between MDA, which is a marker of oxida¬ 
tive stress, and FEV1, and hence that MDA influences 
airway flow (2). Our data are similar to these results. 
Furthermore, there was a negative correlation between 
MDA and vitamin C level, and between MDA and ery¬ 
throcyte reduced GSH in patients with COPD. Rahman 
et al. (14) showed an increased level of MDA and de¬ 
creased total antioxidant capacity in patients with 
COPD. 

It has been suggested that GSH plays a major role in 
pulmonary antioxidant protection {1, 13, 15). Lothion 
eta/. (16) described a COPD case with lowwhoie blood 
GSH levels. After 1 month of cystein supplementation 
designed to provide GSH precursors, they observed 
that whole blood GSH levels and pulmonary function 
increased dramatically. GSH levels were significantly 
lower in patients with COPD and in healthy smokers in 
our study. We observed the lowest GSH levels in acute 
exacerbation of the disease. 

it is believed that ascorbate produces 9% of plasma 
antioxidant capacity (1). It has been demonstrated that 
some major antioxidants such as vitamin C, vitamin E, 
^-carotene and selenium are depleted in the serum of 
chronic smokers (17). The levels of serum vitamin C 
were decreased in healthy smokers and in patients 
with COPD, especially during exacerbation. A negative 
correlation between vitamin C and serum MDA levels 
was observed in this study. This may be due to the de¬ 
pletion of vitamin C in response to increased oxidant 
burden. Vitamin C supplementation may be useful to 
reduce the levels of oxidants. However, there are some 
controversial data on the effects of vitamin C supple¬ 
mentation in airway disease (18, 19). These results are 
probably due to difficulty to standardize dietary intake 
of vitamin C (18). 
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This study also demonstrated that smoking plays an 
important role in the oxidant/antioxidant imbalance in 
healthy controls. The effect of smoking on oxidant/an¬ 
tioxidant variables was more manifest at the physio¬ 
logical levels. Therefore, it may be concluded that 
smoking causes a decrease in antioxidants and in¬ 
crease in lipid peroxidation. However, the biochemical 
parameters were not affected by smoking in acute ex¬ 
acerbation and in the stable phase of COPD. This is 
probably because the effects of smoking on oxidant/ 
antioxidant system are obscured by other patho¬ 
genetic mechanisms underlying COPD. 

In conclusion, our results demonstrate that oxidanV 
antioxidant imbalance is more obvious in patients with 
acute exacerbation of COPD and that smoking has no 
significant effect on the circulating antioxidants during 
acute exacerbation and stable phase of the disease. We 
suggest that increased levels of MDA together with de¬ 
creased levels of erythrocyte GSH and vitamin C are as¬ 
sociated with both acute exacerbation and stable 
phase of COPD. Since COPD is a chronic progressive 
disease, antioxidant supplements may be useful in 
slowing down progression of the disease and in de¬ 
creasing the frequency of exacerbations. Our results 
suggest that antioxidant agents may have therapeutic 
potential in patients with COPD, especially during 
acute exacerbation of the disease. 
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